A series of 2 0 -substituted-3 0 -methylspiro[cyclohexane-1,7 0 -furo[3,2-g]chroman]-5 0 (7 0 H)-one, 5a-i and 7a-u have been synthesized using an eco-friendly approach to attain good yields in a shorter reaction time. The structures of novel compounds were characterized by IR, 1 H NMR,
Introduction
Reactions occurring in several types of tissue injuries, infections, immunologic stimulation as a defense against foreign or altered endogenous substances is termed as inammation. The release of chemical mediators from injured tissue and migrating cells triggers inammation. NSAIDs (Non-Steroidal Anti-Inammatory Drugs) will be generally prescribed to overcome such physiological disturbances. The activity of NSAIDs in inammatory diseases does not seem to be only due to the inhibition of the production of endogenous prostaglandins, but also by preventing the denaturation of proteins (which act as antigens and auto immune disease). 1 Grant et al. 2 stated that non-steroidal anti-inammatory molecules will stabilize bovine serum albumin (BSA) when exposed to a few degree rises in temperature. Selecting therapeutically interesting molecules without the use of animals or living organisms used to be a challenge to the scientic community, which was well addressed by Williams et al. 3 by developing a technique of stabilizing thermal immunogenic bovine serum albumin by natural products. It is also revealed that a range of extracts and compounds with various biological properties can convey the stability to the protein. 4 Thus, rather than just detecting nonsteroidal anti-inammatory agents, the bovine serum albumin denaturation assay could have a wider application.
Biaryl units as molecular components has attracted enormous interest and their syntheses have been widely carried out and have yielded innumerable compounds with diverse biological activities such as: anti-inammatory, antimicrobial, antifungal, antiproliferative, antidiabetic, immunosuppressant, analgesic, antioxidant. 5 The Suzuki cross-coupling reaction, which represents an attractive and alternative methods that use organometallic species for the construction of unsymmetrical biaryl compounds, involves air and moisture stable organoboranes that possess relatively low toxicity and also has broad functional group tolerance. Catalysts used in the Suzuki reaction have been traditionally based on homogeneous palladium phosphine complexes. 5 The study for improving the reactivity of Suzuki reactions, water or aqueous-organic mixtures has received attention due to the ability of the base to dissolve in water for activating arylboronic acids. 6 Benzofurans are interesting oxygen containing heterocycles which are ubiquitous in nature and show a wide range of biological activities, 7 as analgesics, 8 antidepressants, 9 antitumor agent. 10 Similarly chromanone derivatives, in particular 2-spirochroman-4(1H)-ones are embodied in many bio-active molecules ( Fig. 1 ) and possess various biological activities which include antiarrhythmic, 11 anti-HIV, 12 antidiabetic, ACC inhibitor, 13 vanilloid receptor antagonist, growth hormone secretagogues, 14 histamine receptor antagonist, antiviral 15 and antiinammatory. 16 Spirochromanone ring system represents an important class of naturally occurring substances characterized by highly pronounced biological properties. The combination of two or more pharmacophores or chemical entities either linked with one another or fused together to create a new molecule is referred to as molecular hybridization, 17 which aims to combat drug resistance and enrich existing arsenals of anti-infective agents. 18 The selection of the pharmacophores is based upon their known bioproles, with the hope that the resulting hybrid molecules may exhibit synergistic or additive pharmacological activities. 19 Potential availability of benzofuran and spirochromanone made us to synthesize some new spirofurochromanone-biaryl derivatives using Suzuki coupling by the combination of two green chemistry principles, namely microwave assisted synthesis and aqueous phase reactions. Hybrid compounds containing benzofuran and spirochromanone moieties, called spirofurochromanone, due to combined effect may exhibit better biological prole. Enabling technologies for organic syntheses such as microwave, aqueous phase reactions or green solvents have changed organic chemistry in terms of efficiency, work-up and speed. Microwave assisted organic synthesis leads to rate enhancement with excellent reproducibility, improved yields and less side reactions compared to conventional heating. 20 In continuation to our efforts [21] [22] [23] to synthesize new biaryl heterocyclic derivatives using eco-friendly approach, we have synthesized spirofurochromanone derivatives 5a-i and 7a-u from compounds 3a-c using microwave irradiation and conventional heating. All the compounds were well characterised by spectral data. Synthesized spirofurochromanone were screened for in vitro scavenging activity utilizing hydrogen peroxide and DPPH assay. These tested compounds shown high scavenging activity when compared with standard ascorbic acid.
Results and discussions

Chemistry
The desired spirofurochromanone scaffolds were synthesized in three steps as outlined (Scheme 1). Selective synthesis of monospiro chromanone derivatives 3a-c were achieved from diacetyl resorcinol 1 with cyclic alkanones 2a-c involving Kabbe condensation with pyrrolidine as base and toluene as solvent.
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Further reaction of 3a-c with 4
0 -substituted phenacyl bromide 4a-c in presence of potassium carbonate as base resulted in spirofurochromanone 5a-i with good yields in conventional heating and microwave irradiation methods as shown in Table 1 . Finally the target compounds 7a-u were synthesized by reaction of compound 5d-f with arylboronic acids 6a-g in conventional heating and microwave irradiation methods (Scheme 2). In our initial attempts in conventional method for the synthesis of compound 7a from 5d, based on the previous experience of Suzuki coupling reactions in our research group, 25 we started with 10 mol% Pd(PPh 3 ) 4 as catalyst, Na 2 CO 3 as a base and 1 equiv. of phenylboronic acid 6a as a model reaction at 80 C for 10 h under N 2 atmosphere in DMF, ethanol as well as in dioxane separately, which resulted in very poor yields. Among them ethanol was found to be a better solvent with relatively better yield. Literature reports shows that addition of water as co-solvent to the polar aprotic solvents greatly improves the rate of reaction. Thus we decided to check with combination of solvents with water. Using 1 : 1 solvent water mixture, the reaction proceeded well furnishing improved yields in shorter time as shown in Table 2 . The Suzuki coupled products were obtained in shorter time and high yield in 1 : 1 : 1 solvent mixture of ethanol, toluene and water. Using the same solvents, reaction was carried out in a sealed tube by conventional heating and the yields are listed in Table 2 . Encouraged by the results obtained, we subsequently attempted to carry out the reaction under mild conditions and reduced reaction time by the application of microwave irradiation. Microwave irradiation at 180 W, keeping similar conditions the reactions were completed within few minutes and increased yields of the product were obtained. Having established the optimal conditions for the reaction, compounds 5d, 5e and 5f were subjected to react with different substituted arylboronic acids 6a-g to give 7a-u. The comparative studies based on the optimization of both methods are reected in Table 3 . All the compounds synthesized were well characterized by spectral data.
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Biological activity
All the newly synthesized compounds 5a-i and 7a-u were screened for their anti-inammatory and antioxidant activities. The in vitro anti-inammatory and antioxidant activities of the synthesized 5a-i and 7a-u are tabulated (Tables 4  and 5) .
2.2.1 Anti-inammatory studies. The anti-inammatory activity of the precursors 5a-i and synthesized compounds 7a-u were tested for their in vitro anti-inammatory activity by using The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging assay is usually used to evaluate the abilities of new compounds to capture free radicals by producing the reduced form DPPH-H through a hydrogen-donating action. It was performed in order to determine the antioxidant potential.
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DPPH is a stable nitrogen-centered free radical. Its reaction rates correlate directly with antioxidant activity, the higher the rate, the more effective the antioxidant. 28 A freshly prepared DPPH solution shows a deep purple color with an absorption maximum at 517 nm. When the purple color changes to yellow, it leads to decreased absorbance. This is because of the antioxidant molecule reducing the DPPH free radical through donation of hydrogen atom. Instantaneous or concomitant decrease in absorbance would be indicative of potent antioxidant activity by the compound.
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In this study, we investigated the antioxidant properties of spirofurochromanone derivatives using DPPH scavenging activity with respect to the standard ascorbic acid and using a spectrometric assay. ) is a biologically important, non-radical reactive oxygen species (ROS) that can inuence several cellular processes, which makes them potential targets for the therapy of inammation. 30 In vitro antioxidant activities of synthesized compounds were evaluated against hydrogen peroxide and were compared with standard ascorbic acid. Our results reveal that these compounds exhibit better radical scavenging activities. The results of antioxidant activity of spirofurochromanone are shown in Table 6 .
2.2.3 SAR studies 2.2.3.1 Anti-inammatory activity. In the series of compounds 5a-i cyclohexylspiro compounds exhibited mild Compounds 5a-i, showed good antioxidant activity compared with the standard ascorbic acid. Compounds 5d and 5i have better activity while 5a, 5c, 5f, 5h have almost same activity. Cyclopentylspiro derivatives 7o-u among the biaryl series of compounds 7a-u show mild antioxidant activity whereas the series of N-Bocpiperidinylspiro and cyclohexylspiro compounds exhibit better activity. 7a-g compounds have better IC 50 values ranging from 3 to 39 owing to the presence of the substituent on the phenyl group of biaryl compound.
Hydrogen peroxide scavenging assay.
Compounds 5b-c and 5f-i, with chlorine and bromine as substituent show better activity as compared with the standard ascorbic acid. Among the Suzuki cross coupled products compared to cyclohexylspiro derivative, N-Bocpiperidinylspiro derivative and cyclopentylspiro derivative show better activity without any substituent on the biaryl group. In the series of cyclohexylspiro derivatives 7b-f exhibits better activity out of which presence of chloro group (7c, IC 50 value 32.11 and 7f, IC 50 value 37.11) on the biaryl moiety exhibits good activity. Among N-Bocpiperidinylspiro derivatives biaryl moieties with CHO, Me and F as substituents exhibit good activity (7i, IC 50 value 42.26, 7k IC 50 value 42.26, 7n IC 50 value 43.04 respectively). Chloro and methyl substituents on the biaryl groups of the cyclopentylspiro derivatives exhibit good activity (7q IC 50 value 35.51 and 7r IC 50 value 35.51). 
Molecular docking analysis
BSA consists of 583 amino acid residues present in three homologous a-helical domains (I, II, III). Each domain comprises sub-domain A and sub-domain B. Subdomains IIA, IIIA and IB among them are known as Sudlow's site I, II and III, respectively (ESI). [31] [32] [33] To determine the binding interaction of the molecules with bovine serum albumin molecular docking analysis was performed on ve binding cavities obtained from site map. Analysis of dock score reveals that the binding affinity of these molecules is more towards the site-5 and site-1 as compared to the other hydrophobic cavities, site-5 and site-1 correspond to drug binding site I and site II.
31-39 Dock score of molecules at site-5 and site-1 along with the dock score of the molecules which were docked into COX-2 (one of the target for anti-inammatory) to check the possible mode of interaction is provided in Table 8 (the dock score for molecules at all site is provided in Table 7 ). Binding energy of the molecules at site-5 ranged between À7.342 to À4.974 kcal mol À1 , and for site-1 it ranged between À7.259 to À4.254 kcal mol À1 few molecules showed lower and positive binding energies at site-2, site-3 and site-4. ) (acceptable range: <25 is poor and >500 is great).
e Percentage of human oral absorption (acceptable range: <25 is poor and >80% is high). 2.3.1 ADME properties. The ADME properties (required pharmacokinetic properties of viable drug compounds) were calculated by Qikprop and analyzed by applying Lipinski's rule of ve (Table 9) . 40 Molecular weight less than 650, partition coefficient between octanol and water (log P o/w ) between À1 and 6.5 and solubility (log S) greater than À7. Pmdck greater than 5 and log BB greater than À3, these parameter tells us about the ability of the drug to pass through blood brain barrier. Majority of the molecules have the properties in range, partition coefficient of molecules ranged within the acceptable limits expect for two molecules 7l and 7m that had values greater than 7. Cell permeability and blood brain barrier permeability for all molecules is in permissible range. Water solubility and oral absorption for half of the molecules is 100%. The values invariably imply that these molecules are potential drug molecules and can be further optimized for better activity (Fig. 5) .
Conclusion
In conclusion, we herein report the selective synthesis of monospiro chromanone derivatives 3a-c from which a series of spirofurochromanones were synthesized following microwave irradiation method and their anti-inammatory and antioxidant activities were determined. The reaction protocol requires cheap starting materials and is carried out under mild conditions. Compounds 5a, 5b, 5c, 5d, 5e, 7g, 7h, 7j, 7l, 7n and 7q were found to be promising with IC 50 values ranging from 77.11 to 116.10 mM mL À1 indicates that they are potential antiinammatory agents. The binding mode of the synthesized compounds with protein active site was predicted using in silico docking. All the compounds 5a-i and 7a-u were docked well into the binding pocket of the target protein at all the ve sites. The compounds showed good docking at site I and site V.
Experimental section
General methods
All the Suzuki reactions were performed under nitrogen atmosphere using oven dried apparatus. Reactions were monitored by thin layer chromatography (TLC) on silica gel plates (60 F 254 ), visualizing with ultraviolet light. Column chromatography was performed on silica gel (60-120 mesh) using distilled hexane, ethyl acetate. 1 H NMR and 13 C NMR spectra were determined in CDCl 3 solution by using 400 and 100 MHz spectrometers, respectively (Instrument Bruker Avance II 400 MHz). Proton chemical shis (d) are relative to tetramethylsilane (TMS, d ¼ 0.00) as internal standard and expressed in ppm. Spin multiplicities are given as s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet) as well as bs (broad singlet). Coupling constants (J) are given in hertz. Mass spectra were recorded on GCMS-QP 1000 EX mass spectrometer. Infrared spectra were recorded on a Shimadzu FT-IR-8400s spectrometer. Melting points were determined using Stuart SMP3 melting-point apparatus and are uncorrected. CEM discover microwave reaction vessel equipped with a magnetic stirrer was used for microwave irradiated reactions. The antioxidant property was carried out by using Shimadzu UV-2450 spectrophotometer and the Perkin Elmer Lambda 750 UV-Visible Spectrophotometer was used to calculate the percentage inhibition for anti inammatory activity. Bovine serum albumin used for the antiinammatory activity was purchased from Sigma Aldrich.
General experimental procedure 3a-c
A solution of compound 1 (1 mmol) and pyrrolidine (1 mmol) in toluene was reuxed for 10 min. To the above solution various cycloalkanones 2a-c (1.5 mmol) were added and the reaction mixture was stirred at 90 C for 4 h, the completion of reaction was monitored by TLC. Compound from the resulting solution was precipitated using 15% NaOH solution, the precipitate was ltered, solid was neutralized with dil. HCl and washed with water, dried in air and recrystallised from ethanol to afford pure monospiro compound 3a-c. 4.3 General experimental procedure 5a-i 4.3.1 Conventional method. A solution of monospiro compound 3a-c (1 mmol), substituted phenacyl bromide 4a-c (1 mmol) and anhydrous K 2 CO 3 (3 mmol) in dry acetone were stirred at 60 C for 3 h, the completion of reaction was monitored by TLC. The resulting solution was diluted with water and the precipitate formed was ltered, washed with water, dried in air and was puried by column chromatography (using 5-10% petroleum ether/ethyl acetate) to afford desired compound 5a-i.
Microwave method.
Monospiro compound 3a-c (1 mmol), substituted phenacyl bromide 4a-c (1 mmol) was dissolved in acetone and adsorbed over K 2 CO 3 . This mixture was microwave irradiated at 100 W for 5 min. The resultant mixture was diluted with water. The solid formed was ltered, washed with water, dried in air and puried by column chromatography (using 5-10% petroleum ether/ethyl acetate) to afford desired compound 5a-i. 
tert-Butyl-2-(4-bromobenzoyl)-3-methyl-5-oxo-5,6-dihydrospiro[furo[3,2-g]chromene-7,4
0 -piperidine]-1 0 -carboxylate (5e). 
General experimental procedure 7a-u 4.4.1 Conventional method.
A degassed mixture of 5d-f (1.0 mmol), arylboronic acid 6a-g (1.3 mmol), Na 2 CO 3 (3.00 mmol), Pd(PPh 3 ) 4 (115 mg, 0.10 mmol) and mixture of 1 : 1 : 1 of toluene, ethanol, water (9 mL) was introduced into a round bottomed ask and heated it at 80 C for 8 h with constant stirring under nitrogen atmosphere. The resulting solution was diluted with ice water and was extracted with ethyl acetate; the combined organic layers were washed with brine, dried over Na 2 SO 4 . The solvent was removed under reduced pressure, and the crude thus obtained was puried using column chromatography to afford titled compound 7(a-u). 4.4.1.1 Sealed tube under conventional heating. A mixture of 5d-f (1.0 mmol), arylboronic acid 6a-g (1.3 mmol), Na 2 CO 3 (3.00 mmol), and mixture of 1 : 1 : 1 of toluene, ethanol, water (9 mL) are degassed in a sealed pressure tube and Pd(PPh 3 ) 4 (115 mg, 0.10 mmol) was added followed by degassing and heated it at 80 C for 6-7 h with constant stirring. The resulting solution was diluted with ice water and was extracted with ethyl acetate; the combined organic layers were washed with brine, dried over Na 2 SO 4 . The solvent was removed under reduced pressure, and the crude thus obtained was puried using column chromatography (using 5-10% petroleum ether/ethyl acetate) to afford titled compound 7a-u.
Microwave method.
A mixture of 5d-f (1.0 mmol), arylboronic acid 6a-g (1.3 mmol), Na 2 CO 3 (3.00 mmol), and mixture of 1 : 1 : 1 of toluene, ethanol, water (9 mL) are degassed in a sealed pressure tube and Pd(PPh 3 ) 4 (115 mg, 0.10 mmol) was added followed by degassing. This was introduced into CEM discover microwave reaction vessel equipped with a magnetic stirrer. The vessel was sealed and then placed into the microwave cavity. Initial microwave irradiation of 180 W was used, the temperature being ramped from room temperature to the desired 80 C temperature. Once this was reached the reaction mixture was heated at this temperature for appropriate time. The resulting solution was diluted with ice water and was extracted with ethyl acetate; the combined organic layers were washed with brine, dried over Na 2 SO 4 . The solvent was removed under reduced pressure, and the crude thus obtained was puried column chromatography to afford titled compound 7a-u. CDCl 3 ) d 192.2, 184.8, 160.7, 158.8, 149.1,  145.4, 139.0, 136.4, 133.7, 131.1, 130.0, 129.6, 128.3, 127.8, 126.9 
4
0 -(3 0 -Methyl-5 0 -oxo-5 0 ,6 0 -dihydrospiro[cyclohexane-1,7 0 - furo[3,2-g]chromen]-2 0 -ylcarbonyl)-[1,1 0 -biphenyl]-4-carbaldehyde (7b
2
0 -(4 0 -Chloro-[1,1 0 -biphenyl]-4-carbonyl)-3 0 -methylspiro [cyclohexane-1,7 0 -furo[3,2-g]chromen]-5 0 (6 0 H)-one (7c).
3
0 -Methyl-2 0 -(4 0 -methyl-[1,1 0 -biphenyl]-4-carbonyl)spiro [cyclohexane-1,7 0 -furo[3,2-g]chromen]-5 0 (6 0 H)-one (7d
0 -Methyl-2 0 -(4-(naphthalen-1-yl)benzoyl)spiro[cyclo- hexane-1,7 0 -furo[3,2-g]chromen]-5 0 (6 0 H)-one (7e7.68-7.65 (d, J ¼ 8.5 Hz, 2H), 7.59-7.46 (m, 4H), 7.13 (s, 1H), 2.78 (s, 2H), 2.67 (s, 3H), 2.04-2.01 (m, 2H), 1.75-1.65 (m, 4H), 1.4.4.2.7 2 0 -(4 0 -Fluoro-[1,1 0 -biphenyl]-4-carbonyl)-3 0 -methylspiro [cyclohexane-1,7 0 -furo[3,2-g]chromen]-5 0 (6 0 H)-one (7g4.4.2.9 tert-Butyl-2-(4 0 -formyl-[1,1 0 -biphenyl]-4-carbonyl)-3- methyl-5-oxo-5,6-dihydrospiro[furo[3,2-g]chromene-7,4 0 -piperidine]- 1 0 -carboxylate (7i
Biological methodologies
Anti-inammatory
The anti-inammatory activity of synthesized compounds was studied by using inhibition of albumin denaturation technique according to Mizushima et al. 41 and Sakat et al. 42 followed with minor modications. The reaction mixture consists of test compounds and 1% aqueous solution of bovine albumin fraction, at pH 7.4. The reaction mixture was adjusted using small amounts of 1 N HCl. The sample extracts were incubated at 37 C for 20 min and then heated to 51 C for 20 min, aer cooling the samples the turbidity was measured at 660 nm. The percentage inhibition of protein denaturation was calculated as follows:
Percentage inhibition ¼ (abs control À abs sample) Â 100/abs control with reference to coefficient to correlation coefficient value (r) of 0.946
Antioxidant
5.2.1 DPPH radical scavenging activity. The radical scavenging activity of synthesized compounds was determined by using DPPH (2,2-diphenyl-1-picrylhydrazyl) assay following Chang et al. 43 method. The decrease in the absorption of the DPPH solution aer the addition of test compound or standard antioxidant was measured at 517 nm. Ascorbic acid (10 mg mL À1 DMSO) was used as reference. Principle 1,1-diphenyl-2-picrylhydrazyl is a stable (in powder form) free radical with red color which turns yellow when scavenged. The DPPH assay uses this character to show free radical scavenging activity. The scavenging reaction between (DPPH) and an antioxidant (HA) can be written as,
(DPPH) + (H-A) / DPPH-H + (A)
Antioxidants react with DPPH and reduce it to DPPH-H and as a consequence the absorbance decreases. The degree of discoloration indicates the scavenging potential of the antioxidant compounds or extracts in terms of hydrogen donating ability. The DPPH free radical scavenging assay was performed by following below method. 200 mL of 0.1 mM DPPH prepared in methanol was added to different concentrations of compounds (0.1 to 500 mM). The resulting mixture was incubated at room temperature in the dark for 15 minutes. Absorbance was observed at 517 nm. Ascorbic acid was taken as a positive control. The experiment was carried out in triplicates and percentage inhibition of the DPPH radical scavenging activity was calculated. 
Molecular modeling studies
To gain more insight into the interactions of spirofurochromanone derivatives 5a-i and 7a-u, molecular docking studies were performed. Crystal structure of bovine serum albumin in complex with 3,5-diiodosalicylic acid (PDB id: 4JK4) 44 and COX-2 (PDB id: 3NTG) 34 were downloaded from protein data bank (www.rcsb.org). Interactions of the molecules with the proteins were analyzed to identify their hypothetical binding mode. All the molecular modeling calculations were performed using Schrödinger Suite 2010 (ref. 35 ) on Linux platform. The protein was prepared using protein preparation module applying the default parameters, hydrogen atoms were added and unwanted water molecules were removed from the protein structure followed by hydrogen bond optimization and energy minimization. Sitemap 36 analysis was performed on Bovine Serum Albumin (BSA) as it had many co-crystallized ligands in it. Five top binding cavities were selected and grid was generated around these (binding site are represented in the Table 7 ). In case of COX-2, grid was generated around the active site dened by the co-crystallized ligand. Receptor Van der Waals scaling for the nonpolar atoms was set to 0.9.
37 Molecules were built using Maestro build panel and prepared by LigPrep OPLS_2005 force. GLIDE 5.6 was used for molecular docking. Low energy conformation of the ligands was selected and docked into the grid using extra precision (XP) docking mode. Further the absorption, distribution, metabolism and excretion (ADME) properties were calculated using Qikprop module in Schrodinger Suite.
